Introduction: Patient safety and the occurrence of adverse events in hospitals is a topic which has been widely addressed over the last decades. In that respect, there has been an increasing interest in the effect of working conditions on patient safety, and whether understaffing and adverse events are correlated. This paper therefore reports results from a study of understaffing of nurses understood as a lack of nurses available to conduct the tasks required of them. This implies that nurses are forced to ignore or postpone important tasks, thereby compromising patient safety. Purpose: The purpose of the study is to increase the knowledge of understaffing of hospital nurses, and the consequences that understaffing may have on patient safety. Methods: A literature search of the databases Chinal, Medline, Cochrane library, Isi Web of Science and Academic Search premiere was conducted in the period January 2014 to February, 2016. Results: Results are categorized into two main themes and four subthemes. The first main theme describes the direct relationship between understaffing and patient safety. Poor staffing increases the risk of mortality, and adverse conditions such as pressure ulcers, deep vein thrombosis and hospital-related infections. The second main theme relates to the indirect implications of understaffing for patient safety. These implications pertain to the lack of time that nurses could give each patient, limitations in the quality of nursing, and challenges in safe medication administration. Conclusions: The study documents the relationship between understaffing of nurses and adverse events in hospitals, revealingthat understaffing of nurses is a risk factor for hospitalized patients.
Introduction

Incidence of Adverse Events
The incidence of patients experiencing adverse events while hospitalized has proven a major problem [1] [2] [3] [4] . Reports and research on the occurrences of adverse events shows that a great number of patients experience adverse events while receiving health care all over the world [4] [5] [6] [7] . An international study conducted in England, Germany and the USA, with focus on medication errors, found that the prevalence of adverse event related to drugs alone ranged from 3.22% to 5.64% of the patients hospitalized in 2006 [8] . There have been a greater media and research attention to patient safety and the effect of staffing on the occurrence of adverse events [9] [10] [11] . International media have previously described patients being exposed to adverse events with severe consequences, of which many are caused by poor staffing [12] [13] . There are several studies on this topic, but with varying foci such as mortality, adverse events related to specific patient groups and specific patient diagnosis, medication errors, patient satisfaction, work environment and economic perspectives [14] [15] [16] [17] [18] . Evidence in this area has also previously been synthesized in literature reviews [19] [20] [21] , but no reviews have documented the direct and indirect relationship between understaffing of nurses and patient safety.
Patient Safety
The US Department of Health & Human Services defines patient safety as "the freedom of accidental or preventable injuries produced by medical care". Patient safety measures are defined as interventions or work intended to reduce the occurrence of preventable events [22] . Several different bodies ensure patient safety in hospitals. Health care providers have a responsibility to perform professionally appropriate health care. Each hospital must ensure that the health care providers work under conditions that promote safe practice, for example with appropriate equipment, adequate staffing and safe routines. Additionally, both health care workers and the health care system must comply with the law, professional standards and procedures to provide safe healthcare services [23] . studies did not pass the quality assessment, and were excluded, resulting in a total of 33 quantitative studies being included in the current review. First author performed the searches and undertook the screening of titles and abstracts against inclusion criteria, with supervision from the research group. First researcher then undertook the read-through of selected full-text articles. Where there was question of inclusion eligibility, the research group was consulted independently to assess full-text item suitability.
Analysis
The results of the included studies were analyzed through Thematic analysis which involve finding prominent or recurrent themes in included articles, and [26] . The predesigned form was used to organize the main results of the included studies, allowing the researcher to detect patterns or recurring subjects in the literature. The recurring subjects were then organized in to sub-themes and themes.
Consent
Data represented in this study emerged from already published peer reviewed articles. Data collection did not involve human subjects, and a written informed consent has therefore not been obtained.
Availability of Data and Materials
All the data supporting the conclusions can be found in Table 1 with information on the included studies. Information on the search words, combinations and results, can be found in the supplementary file 2 Database search report.
Results
This literature review synthesizes evidence about the effects of the understaffing of nurses on patient safety in hospitals. Thirty-three studies of moderate-to-strong quality were included, from which two main themes and four subthemes emerged.
Twenty-three studies [14] [16] [18] [31]- [50] found a direct relationship between understaffing and patient safety. Eight of these studies focused on mortality in patients admitted to a hospital. Fourteen studies described how patients were directly harmed as a consequence of understaffing in the form of infections, pressure ulcers and other adverse hospital events. One study described the relationship between nurse staffing and length of hospital stays.
Six studies [51] - [56] found an indirect relationship between understaffing and patient safety, focusing on important nursing tasks that were left undone due to nurses lack of time to carry them out. Two of these studies showed how understaffing affected the administration of medication.
One study [17] investigated both direct and indirect consequences, and three studies [57] [58] [59] found weak or no association between understaffing and patient safety.
Study Characteristics
Of the thirty-three studies included, there are nine cohort studies, thirteen cross-sectional studies, two correlation studies, one case control study, three retrospective observational studies, two retrospective longitudinal studies and one with a four-stage sampling design. It was not possible to categorize the methods used in two of the studies. (Table 1 lists the articles and study characteristics).
All of the studies investigated the relationship between understaffing of nurses working in hospitals and patient safety. Data from a survey on hospital nurse staffing levels and patient outcomes.
The risk of incidence of death seemed to be higher in high patient-nurse ratio groups than in low patient-nurse ratio groups. The risk of incidence of death in high healthcare workforce-bed ratio groups was much lower than in low healthcare workforce-bed ratio groups. Data of 2531 patients admitted to seven medical units and 10 surgical units of a 2300 bed university hospital.
The nurse-to-patient ratio was statistically correlated with in-hospital mortality. Nurse-to-patient ratio had an individual effect on in-hospital mortality.
The ratio of total staff to patients was the best predictor of in hospital mortality among four staffing variables. There was not a significant relationship between in hospital mortality and the proportion of RNs to total nursing staff, the mean years of RN experience and the percentage of bachelor degree prepared nurses. 
Thematic Analysis
The thematic analysis [26] [60] generated two main themes and two subthemes concerning understaffing and consequences for patient safety. [47] reported that surgical patients experienced significant lower pressure wounds rates in all three hospitals investigated, after those hospitals adopted a new staffing method called Nursing
Hour Per Patient Day (NHPPD). This staffing method significantly increased the staffing levels. In other words, increased staffing levels led to decreased rates of pressure wounds. A lower proportion of licensed nurses working was associated with a higher incidence of pressure wounds in the hospital investigated by Unruh [48] . Van den Heede et al. [59] in contrast, did not find any significant relationship between acuity adjusted nursing hours per patient day and pressure wounds. Kovner et al. [60] In one observational study from 2014 and one cross-sectional analysis from 2002 Aiken and colleagues found that after adjusting for patient and hospital characteristics, each additional patient per nurse was associated with a 7% increase in the likelihood of dying within 30 days after admission. Carthon et al. [33] reported similar results, finding that an increase of one patient in the nurse's patient load increased the occurrence of deaths in hospitalized patients. They also found that older surgical patients were affected more by understaffing than other groups of patients. Older surgical patients had a poorer post-surgical course when their nurses had a heavier workload, including a higher chance of death and failed resuscitation [33] . One study investigated mortality in the form of failure to rescue (from an adverse health-related event), finding that understaffing had a negative effect also in this area [33] .
In two studies, no correlation between mortality and understaffing were found [38] [68] . Amarvadi and colleagues [32] investigated the understaffing-mortality problem by taking a closer look at the night shift. They used the night time nurse-to-patient ratio to calculate staffing, and found no increased risk of dying in hospital whether one night nurse cared for one or two patients or for three or more. Kiekkas et al. [38] found that an increased workload among the nurses did affect hospital mortality, but these numbers did not reach statistical significance.
Theme 2: Indirect consequences Six studies found understaffing to affect patient safety, not by causing the patient direct harm but by increasing the risk for direct harm later on.
2A) Poor quality of basic care. Four studies concluded that understaffing led to poor quality of care [15] [17] [54] [69] . Several nursing tasks, such as patient communication, skin care, oral hygiene, documentation, responding to patient alarms and mobilization were left undone, postponed or not prioritized due to lack of time, as a consequence of understaffing of nurses [17] [55]. Zhu and colleagues [55] found that 30.39% of nurses reported that the care that they delivered was of moderate or poor quality. Duffield et al. [17] found in their longitudinal study that patient communication was not prioritized in as many as 39.5% of the shifts. Skin care and back rubs (24.0%) and oral hygiene (19.3%) were also frequently reported undone. Patients' ability for self-care and patient satisfaction was also negatively associated with understaffing [15] [54] . 2B) Errors in administration of medication. Two studies focused on understaffing and medication errors [53] [56], reporting that heavy nursing workload, interruptions and being rushed increased the risk of adverse events in conjunction with the administration of medication. Several other studies found an association between understaffing and medication errors, even when this was not their focus [15] [17] [52] . These findings showed that understaffing led to missed or late doses of medication, poor pain management resulting from difficulties in administering needed pain medication, and medication errors in general [15] [17].
Discussion
The results of the literature review indicate that understaffing of nurses have a negative effect on patient safety. The negative effect is reflected through various consequences for the patient's wellbeing, health, and outcome of hospitalization.
Even though the results of this study are divided into themes and subthemes, all four themes are interrelated. The literature review shows that the indirect consequences of understaffing (lack of managing important nursing task such as measuring vital signs, patient mobilization and responding to patient alarms) may cause severe and direct consequences (thrombosis, patient falls and mortality) later in the course of treatment.
A relationship between the themes can for example be seen in relation to pressure wounds; hygiene measures, skincare, and mobilization are measures intended to prevent pressure wounds [61] , and were not always undertaken by the nurses due to understaffing [17] [55] . Pressure wounds will, according to the literature, increase the patient's risk of contracting wound infections that prove fatal [61] . Further, poor quality of care may also prevent nurses from discovering other severe conditions like thrombosis, pneumonia and wound infections.
Failure to provide basic care as a consequence of understaffing affects patients in ways that might not always be apparent. Tasks that do not seem as important as other tasks are constantly postponed or left undone, placing the patient at risk of severe harm.
As previously stated, the results of the studies reviewed here indicate that understaffing affects patient safety in numerous negative ways. However, several other aspects must be taken in consideration before formulating conclusions.
Many of the studies of mortality were conducted in intensive care units (ICU) [16] [32] [34] [36] . Considering that a patient admitted to an ICU in most cases will be in an acute phase of the disease [62] , will mean they are in greater risk of any adverse event regardless of staffing. At the same time, these patients may be more vulnerable to lack of surveillance, medication errors, and lack of basic care as described in Theme 2-Indirect consequences. Hence, these patients might actually be more affected by staffing levels than others.
Several of the studies describe surgical patients in conjunction with both patient mortality and patient harm [14] [31] [33] . Surgical procedures are associated with certain risks like pneumonia, infections, pressure ulcers, and even mortality. These are adverse events described in Theme 1-Direct consequences, that may occur regardless of understaffing [63] . Since these studies are limited to surgical patients, this needs to be considered when interpreting the results. The same applies to studies of elderly patients, who are also at an increased risk of Theme 2-Indirect consequences. As Carthon et al. [33] argue studies of the elderly are valuable in this setting, having found that elderly patients are even more affected by understaffing than other patient groups.
Furthermore, the data used in most of the included studies were based singularly on administrative data (hospital statistics, discharge data, staffing data) and/or surveys. This type of data brings a few challenges. There will always be a chance of underreporting of adverse events, which may lead to unreliable results
[48] [49] . ICD Codes (international identification of disease) are in most health facilities used to register diseases and health issues [64] . Errors in these coding's, or lack of accuracy in coding, may affect the results, especially if the errors are systematic [68] . In some cases patient characteristics may be limited because of lack of clinical information in administrative databases [16] [46]. The same is true for staffing characteristics [50] . On the other hand, this type of data material will provide a great deal of information and include a larger sample of patient and nurses, which is important to create a wide picture of the problem understaffing and patient safety.
Another important aspect is that most of the studies are conducted in high income countries all over the world. There is one study from Brazil [61] and two studies from Taiwan [39] [46] which are countries that are borderline in form of developed and developing countries. This must be taken in consideration when reading the results. Even though the remaining studies were conducted in high income countries such as USA, Australia, UK, and Belgium it is important to keep in mind that staffing levels, hospital characteristics, and nurse characteristics will vary. Nurses' responsibilities may also differ, and therefore workload may differ in both quantity and type, which may make direct comparisons of the result of these studies difficult.
Lastly, the health personnel in this study include Registered Nurses (RNs), even though some of the studies also included data regarding other health per- wounds, mortality) have not been explored in previous literature reviews.
As showed, there may be characteristics about the patient, the hospital, and the ward, that affect the results of the studies included in our literature review.
Understaffing may be one of the contributing factors that affect patient safety, but other factors may most likely also be contributing
Methodological Limitations
There are possible limitations in our literature review and several confounders need to be addressed when reviewing the results. Manual searches could have been conducted in other additional journals, by using citation tracking, and by assessing unpublished literature to increase chances of finding further relevant items. To test for additional findings, we tested new search terms and search words, without identifying new items meeting our inclusion criteria. The study was conducted according to strict methodological guidelines for literature reviews [68] and we believe that the majority of publications of relevance for our topic and research question are identified, although relevant publications could be missed by traditional database searches due to not being indexed in such a way as to allow identification within the parameters of such a search [69] .
Secondly we excluded studies of other health facilities than hospitals, and other health personnel than nurses, and also publications on discharge outcomes, in accordance with the exclusion criteria. This may have led to the loss of valuable information about understaffing and patient safety.
Thirdly, the thematic analysis method used in this review is more commonly used in studies with singularly qualitative designs, or with mixed methods [27] .
Yet, early in the search process, this method proved to be the right one, as the themes emerged from the data. Meta-analysis, and so-called pooling of data-more commonly used in reviews of quantitative data-could not be used because of the wide range of results and study designs [27] .
Finally, some general risks of bias will always be present in literature reviews.
Studies with valuable results, but not written in English, are excluded because of the exclusion criteria [25] . Furthermore, if the method of identifying relevant studies is not sensitive enough, there is always a risk of relevant studies being overlooked [70] . Bias may also occur during data retraction, if the same data is not retracted from each study [70] . Dixon-Woods et al. [26] 
Conclusion
The literature review documents that understaffing of nurses can affect patient safety negatively in both direct-(pressure wounds, infections, mortality) and indirect ways (poor documentation, failure to mobilize patients, lack of proper surveillance). The type of ward, hospital, patient group, and country in the included studies vary, but all studies show that too few nurses at the hospital wards
give too little time to perform important nursing tasks, which may have consequences of varying degrees of severity for the patient. The current results show that numerous characteristics and factors (e.g. type of hospital, ward, and patient characteristics) are important when investigating the relationship between understaffing and patient safety. All of these characteristics and factors must be considered when reading the results of this and other studies. More research on the topic is needed, as the articles included in this study mention the lack of research, especially in the Nordic countries. Lastly, no clear and direct causal relationship between understaffing and patient safety is found, but the findings leads us to the conclusion that understaffing of nurses constitutes a risk factor for hospitalized patients and could be one threat to patient safety.
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